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1 . Introduction 

M angrove forests are under i ntense pressure from human-i nduced activities and are d wi nd I i ng al I over the 
globe (Valielaeta/., 2001; and Mansoneta/., 2005).Theanthropogeniceffectson mangrovesvary inscalefrom 
local modifications such as boardwalk construction to more broad-scale changes as urbanization and total 
cl eari ng of mangroves for the construed on of f i nf i sh and shell fish farms (Valieiaeta/., 2001) . 11 i s esti mated 
that activities related to animal mariculturealoneareresponsiblefortheincreasing losses of mangroveforests 
globally. For instance, aquaculture accounts for significant loss mangrove areas in the Philippines and 
Southeast A si a (Pri mavera etal., 2007). Thedeari ng of mangrove vegetation can have major i mpacts on both 
the mangroves themselves and the associated organism communities through reduction or loss of habitat 
structure, in turn affecting provision of refuge areas, food availability and survival of natural stocks of organisms 
(Granekand Ruttenberg, 2008). Hence, there have been increasing demand todetermine the effects on fish 
communities to natural and anthropogenic stressors (Greenwood et al., 2006). Moreover, biologists and 
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A bstract 

The impacts of human related activities on trophic structure of mangrove- 
associated fish species, was investigated by sampling fish in mangrove creeks. 
Trophic organization and stable isotope signatures (S 13 C and £ 15 N) of fish in 
undisturbed mangrove creeks were compared with clear-cut areas of mangrove 
and reservoirs for saltworks and fish farms constructed after mangrove clearing. 
Results showed significantly higher densities, species numbers, diversity (H') 
and numbers of trophic groups in undisturbed sites compared to disturbed sites. 
Overall, omnivorous fish comprised the most abundant feeding guild, which 
dominated in the cleared sites followed in order by the uncleared sites and 
reservoirs. The zoobenthivores/ piscivores was the most diverse group, with the 
highest species richness in the undisturbed areas. Multivariate analysis showed 
that assemblage structure of omnivores in the reservoirs was separated from 
those in uncleared and cleared sites, while zoobenthivores/piscivores differed 
between uncleared sites and disturbed areas. Stable isotope ratios of S 13 C and 
£ 15 N values in fish muscles indicated significant diet shifts between undisturbed 
and disturbed mangrove creek systems, although theeffects werespecies-specific. 
The findings suggest that mangrove deforestation combined with land-use 
changes, has a greater impact on the trophic structure of fish in mangrove creeks 
than mangrove deforestation only. 
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conservati onists have been given the task to determi ne which attri butes are i mportant i n explai ni ng theextent 
of changes i n f i sh commu n i ti es ( E11 i ott et al., 2007). 

M any researchers have dealt with fish compositions and their variations in space and time(Ecoutin eta/., 
2005). In recent time, studies have also dealt with assigning fish species into different ecological groups or 
guilds(Elliott eta/., 2007; and Franco eta/., 2008), which represent species grouped by ecological or functional 
traits with similar influenceon ecosystem processes and response to environmental stress. Numerousstudies 
have used the trophic group approach in quantitative analyses of the functions of various marine habitats 
(Maeseta/.,2004;and Nagelkerkenand vanderVelde, 2004). 

Theuseof biological indicators that take into account the ecological functioning of mangrove ecosystems 
isbecoming a widely accepted method in determining thedeparture from natural conditions to stages affected 
by human activities (Whitfield and Elliot, 2002). For instance indicators based on fish community composition 
areconsidered tobeuseful tools in investigating anthropogenic effects on nearshore coastal areas( Jreineeta/., 
2007). M oreover, it is widely acknowledged that functional attri butes of fish organization, species number, 
abundance and biomass when studied together provide useful information for the understanding and 
management of anth ropogen i c i mpacts i n coastal habi tats ( E11 i ott et al ., 2007) . Y et, there i s I i ttl e su bstanti al 
i nformation characterizi ng the trophic compositions offish dueto mangrovedeforestation for various purposes. 

Si nee the late 1970s, analysis of carbon and nitrogen stable isotopes has been used to investigate the trophic 
ecology of aquatiesystems, and has greatly improved our understanding of trophic structure resource partitioning, 
habitat usage and species migration (Vizzini et at., 2002; and Lugendo et at., 2006). In recent time, with the 
progressive escalation of human pressureon coastal environments and thedesireto employ new and more 
effectiveenvironmental indicators, the isotopic approach has been used successfully for assessing and monitoring 
ecosystem quality (Umezawa etal., 2002; and Vizzini and Mazzola,2006). For instance, increasing attend on has 
beendirected toinvestigatingtheenvironmental impact of anthropogenic input of nutrients and organiematter 
fromsewageand effect of fish farmeffluentdischargeto adjacent systems! 4azzolaand Sara, 2001). 

The present study aimed at investigating the effects of human-induced alteration through mangrove 
deforestation and land-use changeon trophic composition offish in mangrovecreeks.Trophicorganization 
in undisturbed mangroveareas was compared with those in cleared mangroveand reservoirs for solar salt 
production and fish farmi ng constructed after mangrovedeforestation. I n addition, stable isotope(<5^ and 
(J^N) valueswas investigated infish samples by comparing the reservoirs and uncleared sites. 

2. M aterials and methods 

2.1. Study sites 

This investigation was performed in different sites within mangrovecreeksof Makoba Bay and ChwakaBay 
in Zanzibar as well as in Bagamoyo, Kunduchi and M begani mangrove forests on theTanzanian mainland 
(Figure 1) based on three levels of human disturbance (Tablel). Sites regarded asund eared were situated 
within a well-developed mangroveforest, mainly utilized for small-scalefishing as well as limited domestic 
uses for fuel wood. Thesesites had a bottom substratum composed predomi nantly of sand and/ or mud. The 
disturbed sites fall into two categories: cleared sites and reservoirs. The first group, cleared sites, consists of 
two localities, onein Kiongwecreek (Makoba Bay) and another onein Nungecreek (Bagamoyo), which are 
both lacking mangrovetreesasa result of deforestation and si nee no further modification has been donein the 
area they are referred i n th i s paper as cl eared sites. The cl eared sites are affected by pra/ai I i ng ti d al rhyth m and 
receivetidal waters from thelagoon during both neap and springtides. The bottom substrate is characterized 
by mud and a low proportion of sand, and supports a significant amount of microalgae, possibly dueto 
exposure and sufficient sunlight. The second group of disturbed sites comprises reservoirs for solar salt 
production (3sites) and fish farming (lsite), (Tablel). AII reservoirs were originally mangrove areas that were 
converted into solar saltfarmsduring the 1980s. In 1998 part of theabandoned solar pans in Makoba Bay was 
transformed to experimental fish culture ponds mostly for farming of milkfish (Chan os chan os) and mullet 
(M ugil cephalus ). N evertheless, the remai ni ng part of the mangrove areas, i nd ud i ng those affected by sol ar salt 
production, arestill fringed with mangrove stands such as R hi zophor a mucronata, Bruguiera sp. and A vicennia 
sp. A11 reservoi rs get tidal water by gravitational means from the main creek downstream through thegates. 
The f i 11 i ng of the reservoi rs i s esti mated to betwicea month every spring tide(M wandya et a/., 2009). 

2.2. Sample collection 

Data collection for fish samples was conducted on monthly basis during daytime from January through 
December (September excluded). A seine net measuring 17 min length and 2 min heightwithamesh sizeof 
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Figure 1: Map of locations of the studied creeks in Zanzibar and along theTanzanian mainland coast 


Table 1: Human-based disturbances on mangrove creeks studied along Tanzanian coastline 

Bay/A rea 

Creek/Site 

Activiti es 

Status 

Makoba 

Kiwani 

Fishing (hook and lines) 

Undisturbed 

Chwaka 

Mapopwe 




Kinani 



Bagamoyo 

M begani 



Makoba 

Kiongwe 

Occasional fishing 

Disturbed 

Bagamoyo 

N unge 


(mangrove clear-cut) 

Kunduchi 

Manyema (salt farm 1) 

Solar salt production 

Disturbed 


Manyema (salt farm 2) 


(mangrove clear-cut + 

Bagamoyo 

N unge (salt farm 3) 

saltworks and fish farm) 


Makoba 

Makoba fish farm 

Fish pond aquaculture 



1.9 cm was used for col lecti ng fish sampl es. Two haul s, coveri ng an area of about 170 m 2 each, were performed 
at every siteoncea month (i.e, two haul sat one site each day). Collected fish specimens were kept in ice-boxes 
prior to betaken to the laboratory. Fish total length was measured to the nearest 0.1 cm. All individuals were 
counted and identified to the lowest taxonomic level possible according to Smith and Heemstra (1991). 
Information about feeding guilds (trophic levels) offish species was obtained using FishBase( : roeseand 
Pauly, 2009), peer-reviewed published articles and field observations. Fish samples for determination of carbon 
( B C) and nitrogen ( B N) stable isotope compositions were collected in from three undisturbed sites and two 
disturbed salt-producing reservoirs using seine net. Because of uneven spatial distribution of various fish 
sped es on I y three sped es(i.e.,M ugil cephalus, Gerresoyena and G. filamentosus) that had sufficient number of 
individuals in both undisturbed and disturbed sites werecollected. The aim was to investigated there was a 
shift in diet caused by mangrovedeforestation for solar salt production. M usd etissues were sampled from 30 
individualsof/W. cephalus, 25individualsofG. oyena and 20individualsofG. filamentosus. Dry musdesamples 
were grinded after having removed lipids according to Bligh and Dyer (1959). The carbon and nitrogen 
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isotopic composition was determined usi ng a Fisons element analyzer coupled on-line via a FinniganConflo 
II, withaFinnigan Delta-S mass spectrometer. Carbon and nitrogen isotope rati os wereexpressed inthedelta 
notation (<5 B C and c^N) relative to Vienna PDBand atmospheric nitrogen. Samples were analyzed at the 
Stable Isotope Laboratory at U niversity of California, Davis, U SA. 


2.3.Data analysis 

Differences in fish density, species number and diversity index (H ') werefirst examined in 20undisturbed 
control sites (eightdownstream, eight in the intermediate area and four upstream) using oneway AN OVAs. I n 
general, the 20 undisturbed sites showed similar results, especially in the uppermost sites. Therefore, as the 
intention was to compare deforested sites with undisturbed control areas upstream, all further analysis of 
trophic composition involved four undisturbed and six disturbed sites (two cleared sites, three reservoirs for 
sol ar salt farm constructi ons and one reservoi r for fi sh farmi ng). I n order to reduce the risk of bias from I arge 
differences in habitat characteristics and water conditions in different reaches within the creek systems 
(M wandya et a/., 2010), the four undisturbed upstream sites were chosen to limit variability in habitat 
composition and water depth that resemblethe disturbed sites. One-way AN OVAs were used to test for 
differences in all fish community indices (i.e., density, species number and diversity) and trophic group 
variables among sites using pooled dataofsimilardisturbancestates(i.e., undisturbed sites, cleared sites and 
reservoirs). Statistical analysisoftrophicgroupswas performed on three functional guilds (i.e., omnivores, 
zoobenthivores/ piscivoresand zoobenthivores), chosen si nee they were relatively common and comprised 
comparableand sufficient number of individualsat each site(n >6, Figure2). Homogeneity of variances was 
tested using La/ene's (1960) test, and if necessary data weresquare root or log 10 (x +1) transformed toachie/e 
the assumptions for equal variances. How a/er, becausethedensitiesof all trophic groups and species number 
of zoobenthivores/ piscivores data did notshowed homogeneity ofvariancesa/en after transformation, data 
weretested using thenon-parametricKruskal-Wall istest. Games-Howell post-hoc test was used for thistype 
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Figure 2: Mean (±SE) of (A) Density (B) Species number and (C) Diversity (H 1 ) of fish in undisturbed sites 
(grey bars) in different parts (lower, intermediate and upper) of the creecks and in disturbed sites (white 
bars) at the upper parts of various erreek systems 
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of data (Field, 2000), while Hochberg'sGT2 was used as a post-hoc test for data which met homogeneity of 
variances. Multivariateanalyses of functional group data wereachieved withANOSIM (analysisof similarities) 
and SIM PER (similarity of percentages) using the PRIM ER 6 software package (Cl arkeand Warwick, 1994). 
The multivariateanalyses were performed using pooled data of fish densities of thethree trophic groups (i.e., 
omnivores, zoobenthivores/ piscivoresand zoobenthivores) from similar sites. To red ucethe influence of the 
domi nant species, data weresquare root-transformed. Analysisof <5 B C and <> B N values between undisturbed 
and disturbed sites was achieved using one-way A NOVAs. Comparisons of stable isotope signatures were 
made between sites of the same creek and those i n other creeks for each fi sh sped es separately. Because of 
unbalanced samplesizes, a Hochberg'sGT2 was applied as a post-hoc testfor data which showed homogeneity 
of variances (Field, 2000). 

3. Results 

3.1. Fish species number, density and diversity 

I n general, densities, species number, and diversity ( H ') offish were lowest in the reservoirs based on pooled 
data (Figure 2). Species number showed significant differences among uncleared sites, cleared sites and 
reservoirs. In terms of diversity, the reservoirs differed significantly from theundeared and cleared sites 
(Games-Howell test, p <0.001), while there were no differences between theundeared and cleared sites 
themselves. 

3.2. C omposition of trophic groups 

A total of seven feeding groups of fish were encountered during the whole sampling period (Figure 3 and 
Table2), with thehighestnumber being recorded attheuncleared sites(rangingfromfourtosevengroupsin 



Trophic groups 

Figure 3: Overall relative proportions in abundance of various feeding guilds in mangrove creek systems 
subjected to deforestation, cleared only and reservoirs for salt and fish farms along the coastline of Tanzania 

Note: Om = omnivores; H = herbivores; Zb = zoobenthivores Zp = zooplanktivores; Ps = piscivores; 
PI = pi an kti vores; and others = unidentified; Species number for each category are shown on top. 
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Table 2: Fish species from mangrove creeks along the coastline of Tanzania separated into trophic 
groups based on FishBase (Froese and Pauly, 2009) and field observations. Feeding guilds: 

(H) herbivores, (PI) planktivores, (Zb) zoobenthivores, (Ps) piscivores, (Zpl) zooplanktivores, and (Om) 
omnivores, Sites: (U) uncleared, (C) cleared, (RS) reservoir for saltfarms and (RF) reservoir for fish farm 

Family/Species 

Tophic Group 

Sites 

Family/Species 

Trophic Group 

Sites 

Acanthuridae 



Hemiramphidae 



Acanthurus blochii 

H 

U,C,RF 

H yporhampus improvisus 

Zb 

U ,RS 

A canthurus mata 

PI 

U 

Leiognathidae 



Ambassidae 



Leiognathus eguulus 

Zb/Ps 

U,C 

Ambassis gymnocephalus 

Zb/Ps 

11,0,RS 

Leiognathus elongatus 

Zb 

U,C 

A mbassis natalensis 

Zb 

U,C,RF 

Leiognathus fasciatus 

Zb/Ps 

U 

Antennariidae 



Gaza minuta 

Zb/Ps 

U 

A ntennarius pictus 

Zb/Ps 

U 

Lethrinidae 



Apogonidae 



Lethrinus mineatus 

Zb/Ps 

U 

Apogon lateralis 

Zp/Zb 

U,C 

Lethrinus nebulosus 

Zb/Ps 

U 

Sphaeramia orbicularis 

Zb 

U 

Lethrinus variegatus 

Zb 

RS 

Atheri nidae 



Lethrinus genivittatus 

Zb/Ps 

U 

A therina afra 

Zb/Ps 

U 

Lethrinus harak 

Zb/Ps 

U 

A therinomorus duodecimal is 

Zb/ Ps 

U 

Lutjanidae 



Belonidae 



Lutjanus arbacularis 

Zb/Ps 

RF 

Strongylura leiura 

Zb/ Ps 

U,RS 

Lutjanus argentimaculatus 

Zb/Ps 

U,C,RF 

Tylosurus crocodilus crocodilus 

Ps 

C,RS 

Lutjanus ehrenbergii 

Zb/Ps 

U,C 

Carangidae 



Lutjanus fluviflamma 

Zb/Ps 

U,RF 

Alectis indicus 

Zb/Ps 

U,C 

Lutjanus monostigma 

Zb/Ps 

U ,RS 

Caranx papuensis 

Zb/ Ps 

U,C 

Lethrinus rubrioperalatus 

Zb/Ps 

RS 

Caranx heberi 

Zb/Ps 

U,C,RS 

M onodactylidae 



Caranx ignobilis 

Zb/Ps 

U,C 

M onodactylus argenteus 

Om 

U,C,RS 

Caranx sexfasciatus 

Zb/ Ps 

U,RS 

M ugilidae 



Scomberoides lysan 

Zb/Ps 

U 

Liza macro!epis 

Om 

U,C,RS,RF 

Trachinotus blochii 

Zb 

U,C 

M ugil cephalus 

Om 

U,C,RS,RF 

Chanidae 



Mugilidae spp. 

Om 

U,C,RS,RF 

Chan os chanos 

Om 

U,C,RS,RF 

M ullidae 



Cichlidae 



M ulloidichthys flavolineatus 

Zb 

U 

Oreochrmis mossambicus 

Om 

U,C,RS 

Parupaneus macronemus 

Zb 

U 

Clupeidae 



Parupeneus barberinus 

Zb 

U 

Sardinella gibbosa 

Zb 

U 

Parupeneus cinnabarinus 

Zb 

U 

Dactyl opteridae 



U peneus tragula 

Zb 

U 
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Table 2 (Cont.) 


Family/Species 

Tophic Group 

Sites 

Family/Species 

Trophic Group 

Sites 

Dactyloptera peterseni 

Zb 

U 

Serranidae 



Elopidae 



Epinephelus malabaricus 

Zb/Ps 

U 

Elops machnata 

Zb/Ps 

C,RS 

Epinephelus merra 

Zb/Ps 

U 

Engraulidae 



Epinephelus tukula 

Zb/Ps 

u 

Stolephorus indicus 

Zb/Ps 

U 

Siganidae 



Thryssa baelama 

Zb/Ps 

U,RF 

Siganus canaliculatus 

H 

J,C,RS 

Ephippidae 



Sigan us sutor 

H 

U,C 

Platax arbacu laris 

Om 

U,C,RS,RF 

Sillaginidae 



PI at ax teira 

Om 

U ,RS,RF 

Sillago sihama 

Zb 

J,C,RS 

Fistularidae 



Sparidae 



Fistularia petimba 

Ps 

U 

Acanthopagras berda 

Zb/ps 

RS 

Gerreidae 



Sphyraenidae 



Gerres acinaces 

Zb 

U,C 

Sp hyaena baraccuda 

Zb/Ps 

U,C 

Gerres filamentus 

Zb 

U,C,RS,RF 

Sphyraena chrysotaenia 

Zb/ Ps 

U 

Gerres oyena 

Zb/Ps 

U,C,RS,RF 

Sphyraena flavicauda 

Zb/Ps 

U 

Gobiidae 



Sphyraena forsteri 

Zb/Ps 

U 

Acentrogobius audax 

Zb 

C 

Sphyraena jello 

Zb/Ps 

U 

A mblygobius albimaculatus 

H 

U,CRS 

Sphyraena obtusata 

Ps 

U 

Arothron hispides 

Om 

U,C,RS 

Sphyraena putnamiae 

Zb/Ps 

U,C 

Arothron immaculatus 

Om 

U,RS 

Syngnathidae 



Bathygobius cotticeps 

Zb 

U,C,RS 

Hippichthys spicifer 

? 

U,C 

Bathygobius fuscus 

Zb 

C,RS 

Synodontidae 



Faronigobius reichei 

Om 

C,RS 

Synodus variegatus 

Ps 

U,RS 

Glossogobius callidus 

Zb 

U,C 

Teraponidae 



Gobiidae sp 

? 

C 

Terapon jarbua 

Om 

J,C,RS 

Oxyurichthys opthalmonema 

Zb/Ps 

U,C,RS 

Pelates quadrilineatus 

Zp/Zb 

J,C,RS 

Oxyurichthys papuensis 

Zb/Ps 

U,C 

Terapon theraps 

Zb/ Ps 

U,C 

Psammogobius knysaensis 

Zb 

U 

Tetraodontidae 



Yongeichthys nebulosus 

Zb 

U,C,RS 

Arothron immaculatus 

Om 

RF 

Haemulidae 



Arothron stellatus 

Zb 

U,RS 

Pomadasys kaakan 

Zb 

U,C 

C an thigaster bennetti 

Zb 

U 

Plenctorhynchus plagiodesmus 

Zb/Ps 

U 

Chelonodon 1 at i ceps 

Zb 

U 

Kyphosidae 



U nknown 

? 

U,C 

Kyphosus cinerascens 

H 

RS 
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the particular sites), whilst the reservoirs had the lowest (four groups) (Figure 3). For the relative number of 
species belonging to different feeding guilds, zoobenthivores/ pi sci vores were the most diverse group (44%of 
all species) followed by zoobenthivores(27%) and omnivores (14%). In terms of relativeabundance, 66%ofall 
fishes col lected wereomnivores (particularly detritivores), and as much as 44% of this group werefound i n the 
uncleared areas of mangrove creeks. Other abundant groups were those composed of zoobenthivores (i.e., 
zoobenthivores/ piscivores, zoobenthivores/ zooplankti vores/ and zoobenthivores).Theleast abundant groups 
were herbivores, piscivores and planktivores. 

The abundant trophic groups at the various sites showed patterns related with the habitat composition 
and thelevel of mangrovedisturbance(i.e., clearing only or clearing followed by construction of reservoir) 
(Figure4). Densities, species number and diversity (H ') of omnivores werehigher at thedeared and undisturbed 
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Figured Mean (±SE) of density (A), Species number (B) and Diversity (C) of differenttrophic groups collected 
from undisturbed (black bars) cleared-only (grey bars) and reservoirs (white bars) in mangrove creeks along 
the coastline of Tanzania 


Note: Om = omnivores; Zb/ Ps = zoobenthivores/ piscivores; and Zb = zoobenthivores; Note the use of different ordinate scales. 
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sites compared tothereservoirs(Figure4andTable3). Zoobenthivores/ pi scivores were more abundant and 
had higher species richness in the undisturbed sites than in cleared sites and the reservoirs. Species number 
and diversity in cleared sites were higher compared to the reservoirs (Figure 4b and c, and Table 3). The 
densities and species number of zoobenthivores were found to be higher in undisturbed and cleared sites 
compared to the reservoirs, but species numberdid notvary significantly between undisturbed sites and the 
reservoi rs (T abl e 3). The herbivores had hi gher fi sh densiti es i n the und eared and cl eared sites compared to the 
reservoirs. H owa/er, differencesin herbivoredensity and densitiesof thethreeother groups (i.e.,zoobenthivores/ 
planktivores, planktivoresand piscivores)werenottested statisticallydueto low samplesizes. 


Table 3: Results of Post hoc comparison tests of density, species number and diversity of trophic groups among 
sites subject to different human activities in mangrove creeks 



Undisturbed vs Undisturbed vs Cleared vs 

Trophic Group 

Variable 

Cleared 

Reservoir 

Reservoir 

Omnivores 

Density 

0.246 

0.013 

0.001 


Species number 

0.289 

0.003 

<0.001 


Diversity ( H') 

0.830 

0.016 

0.008 

Zoobenthivore/ 

Density 

<0.001 

<0.001 

<0.001 

Piscivores 

Species number 

<0.001 

<0.001 

<0.001 


Diversity ( H') 

<0.001 

<0.001 

<0.001 

Zoobenthivores 

Density 

0.748 

0.013 

0.031 


Species number 

1.000 

0.084 

0.026 


Diversity ( H') 

0.730 

0.637 

0.097 


3.3. M ulti variate patterns 


M ultivariateanalysis based on density data showed variations in fish assemblagestructureof omnivores and 
zoobenthivores/ piscivores among sites with different human i nfluences (one-way AN OSIM; omnivores: Global 
R =0.146, p =0.004, zoobenthivores/ piscivores: Global R =0.361;p =0.001), whilenoseparation wasfound 
for zoobenthivores (Global R =0.068, p =0.016). Pairwise comparisons showed thattheassemblagestructure 
of omnivorous fish in uncleared and cleared sitesdiffered significantly from thosefound in reservoirs, butdid 
not vary between the uncleared and cleared sites (Table4). Fish assemblage structures of zoobenthivores/ 
piscivores in the uncleared sitesdiffered from the cl eared sites and reservoirs (Table 4). SIM PER analysis 
showed that Gerresoyena and P elates quadrilineatus werethosespecies that contributed most (about 15-35%) to 


Table 4: Summary of one-way AN OSI M (R) of three common trophic groups found in all areas of the creek 
systems subject to different human activities 

Habitat Status 

Trophic Groups 

Om 

Zb/Ps 

Zb 

Undisturbed vs. Cleared 

-0.042 ns 

0.426** 

0.085 ns 

Undisturbed vs. Reservoir 

0.237 ** 

0.432** 

0.080 ns 

Cleared vs. Reservoir 

0.305** 

0.059 ns 

0.032 ns 

Note: ** = significant at p <0.01, and ns = not significant at p <0.05. 
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dissimilarities between uncleared and disturbed sites(deared sites and reservoirs) in thegroupzoobenthivores/ 
piscivores. Elopsemachnata which was abundant i n thereservoi rsfor saltfarms contri buted 37%tothedifferences, 
whileLufy'anus argentimaculatus, abundant inthe fish farm reservoir, contributed 44% to the separation in 
zoobenthivores/ piscivores. For omnivores, thedetritivorousspeciesC/ianosc/ianos, M ugil cephalusanti M ugilidae 
sp., which were relatively abundant in uncleared and cleared sites, contributed 2040% to the differences in 
assembl age structu re. 

3.4. Environmental variables 

Generally, deforested areas of mangrove creeks had higher mean salinity values(47-55) and water temperature 
(ranged 35-36 °C) compared to the values (35-36 and 29-30°C, respectively) in undisturbed areas fringed by 
mangroveforest. 

3.5. 8 1S N and8 13 C signatures of fish muscletissues 

The ranges i n 8 and 5 13 C in the musd e ti ssues of fi sh col I ected from mangrove creeks i n the order of 
disturbed (reservoirs) and undisturbed areas for thedifferent fish species were4.31%o to 7.99%oand -16.19%o 
to -21.26%ofor M. cephalus, 6.37 % 0 to 9.65%oand -16.03%oto -20.75 %ofor G.Oyena, and 8.19%oto 8.93 and 
-12.13%oto-21.24%oforG. filamentosus (Figure5). Partofthedifferences between the reservoir and undisturbed 



< 5^0 


Figure 5: Patterns of stable isotope of 13C and 15N values in muscle tissues of fish from undisturbed (Un) 
sites (filled symbols) and disturbed sites (R = reservoir) (open symbols) in different mangrove creeks 
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sites coul d beattri buted to sal i nity effect. The high-sal i neareas of the reservoi rs showed signifi cant i ncreases 
in S B C values for all three species when compared to the undisturbed sites, while only one species showed a 
change(decrease)in<5 15 N (Figure6). 




Salinity (psu) 




Salinity (psu) 


Salinity (psu) 




Salinity (psu) 


Figure 6: Relationships between £ B C and <5 15 N values and salinity in musle tissue of M.Cephalus (A),G. 
Ogena (B) and G. Fllamentos (C). Undisturbed sites (filled symbols) and disturbed sites (open symbols) 
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Theomnivorous/W. c^/ia/uscaughtfromdisturbed sites showed asignificantdecreasein 8 B N of almost 
one trophic level (about 2.5%) but no change in 8 B C values (Figure 7; and Table 5). Gerres oyena showed 
changes in both 5 B N and 8 values between thedisturbed and undisturbed sites (Table5). ForG. filamentosus 
ontheother hand, there was no change in 8 15 N but a strong shift of about 6% in 8 13 C between disturbed and 
undisturbed sites (Figure7; and Table5). 

li 

10 

9 

8 

^ 1 

6 

5 

4 

3 

-24 -22 -20 -18 -16 -14 -12 -10 


Figure 7: Average (±SE) of 8 B C and 5 15 N values in muscle tissues of M. cephalus, G. oyena and G. 
filamentosus collected from undisturbed (closed symbols) and disturbed (open symbols) creek sites 


Table 5: Results of Post hoc comparison tests of S 15 N and 6 B C values of muscle tissues of different fish 
species caught from various sites in mangrove creeks. Und = undisturbed (no mangrove clearing) and Dis = 
disturbed sites (reservoirs for solar salt farms made after mangrove clear-cut) 

Site Comparison 

M. cephalus 

G . oyena 

G . filamentosus 

8 “N 


8 “N 


8 “N 


Nunge 

Und vs. Dis 

<0.001 

ns 

<0.05 

<0.001 



Manyema 

Und vs. Dis 

<0.01 

ns 

<0.01 

ns 

ns 

<0.05 

Nunge vs Manyema 

Und vs. Und 

ns 

ns 

ns 

ns 

ns 

ns 

Nunge vs Manyema 

Dis vs. Dis 

ns 

ns 

ns 

<0.05 



Nunge vs Manyema 

Und vs. Dis 

<0.001 

ns 

<0.01 

<0.05 

ns 

<0.01 

Nunge vs Manyema 

Dis vs. Und 

<0.001 

<0.01 

<0.001 

<0.001 



Kinani vs Nunge 

Und vs. Und 

ns 

ns 





Kinani vs Manyema 

Und vs. Und 

ns 

ns 





Kinani vs Nunge 

Und vs. Dis 

<0.001 

<0.05 





Kinani vs Manyema 

Und vs. Dis 

<0.001 

<0.05 





Note: ns = not significant at p <0.05. 


G. filamentosus G. filamentosus 

- -4>.n , 


Gerres filamentosus 


' 'Q. oyena 


G. oyena | ^ | ' yP- cephalus 


M. cephalus 


M. cephalus r 


-^ 

G. oyena Gerres oyena 


i r M. cephalus 


Mu gil cephalus 
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4. Discussion 

Thefindings showed thattrophicorganization offish differed between disturbed and undisturbed mangrove 
creeks, but also thatthereweredifferences between differenttypes of disturbance i.e, deared sites and reservoirs, 
suggesting that the extent and severity of disturbance may be important in predicting fish assemblage 
compositions of mangrove creek systems. 

Thelower number offish encountered in the disturbed sites (reservoirs as well as cl eared sites) compared 
to the undisturbed sites could beexplained by reduced food availability and loss of refugeareas, as has been 
observed in other disturbed mangrove systems (Primavera eta/., 2007). In Tanzania inundated mangrove 
creeks systems are regularly used as recruitment areas for juvenilefish during low tide(Lugendo eta/., 2007; 
and Mwandya eta/., 2009). In general, distribution patterns are species- and site-specific (M wandya eta/., 
2009). Such patterns may bea strategy to reduce the i ntra- and i nterspecific competition (for food or space) 
which enhance recruitment. J uveni le fishes are assumed to be associated to mangrove habitats because of 
better feed i ng cond i ti ons, opti mal growth and refuge availability (C ocheret d e I a M ori ni ere dial., 2004) .The 
relative i mportance of the various factors affecti ng juveni ledistri bution may vary depend i ng on fish species 
(Selleslaghand Amara, 2008) although most often multi plefactors influence fish assemblages(Nagelkerkenet 
a/., 2008). This study showed that food abundance particularly in the reservoirs may be affected by loss of hard 
substratum provided by trunks, prop-roots and pneumatophores for attachments of prey items (Nagel kerken 
et a/., 2008). This could partly explain thelower abundance and species number of invertebrates- and fish- 
feed ers i n the reservoi rs compared to the cl eared and u nd i stu rbed si tes. 

Habitat transformations may change the patterns of resource availability by creating heterogeneous 
environments constituting a mosaicof optimal and sub-optimal habitats(!<rebseta/.,2007;and Primavera et 
a/., 2007). In this study, the effects of mangrove deforestation followed by changes in land-uses on fish 
assemblages and trophiccomposition extended beyond thelossof pi ant canopies and habitat structureprovided 
by mangroves. In addition to reduced habitat complexity in thereservoirs,thewater flow is restricted and only 
a certai n amount is al lowed to pass through the gates. The abiotic and biotic consequences of I i mi ted water 
supply and habitat loss wereextremewith higher salinity and water temperature changesin bottom substrate 
grain sizefrom mud/ sandflatsto soft mudflats, and flourishment of benthic microflora (M wandya et al., 2009). 
High salinity and water temperature that characterized the reservoirs may restrict I ess tolerant species to 
th ri vethere d ue to physi ol ogi cal i mpacts i nd ud i ng I ow er growth and su rvi val of fi sh d ueto i ncreasi ng energy 
costs (Wuenschel et al., 2004; and Valentine-Rose et al., 2007). Another important aspect following the 
construed on of reservoi rs was that the gates f uncti on as physi cal barri ers restri cti ng the movement and mi grati on 
by f i sh. Thus, i t i s I i kely that a combi nati on of changes i n w ater cond i ti ons and d eni ed access to the reservoi rs 
might have had i mpacts on fish community structureand trophicorganization. 

Therefore the higher abundanceof omnivorousfish in the reservoirs could beexplained bythepresenceof 
preferablefoodfrom benthic communities as well as their ability to proliferate under high salinity and water 
temperature Among the mostdominant omnivores inthepresent study wereChanoschanos and M ugil cephalus, 
which can prol iterate in a broader range of benthic habitats, than i nvertebrate—and fish feeders. Si mi larly to 
thisfindings, Ohman dial. (1997) found high abundanceof omnivores in disturbed reef systems, although the 
fi sh assemblages i n thei r study weredomi nated by other sped es. The resuIts su pport the hypothesi s that fish 
may respond in different ways to habitat suitability, which can vary significantly at local scale or due to 
human-induced changes (Selleslagh and Amara, 2008). 

The present study indicates little variability in carbon and nitrogen signatures in undisturbed sites. 
Howe/er, muscle tissues of fish from deforested solar salt pond reservoi rsweregenerally depleted of B C and 
B N isotopes, although the level of isotope ratios varied depended on fish species and creeks concerned. 
Individualsof M ugll cephalus c collected from deforested sites had significantly lower B N values than individuals 
collected in forested sites, but no significant variations in B C values. This indicates a dietary shift from an 
omnivorous diet to a diet common for herbivores or planktivores. Gerresoyena isdassified asapiscivoreora 
zoobenthivorebut thelower values of both B C and B N inthesamplesfromdisturbed creeks indicateachange 
from a fish diet to more benthos However, G. filamentosus had comparable B N values in undisturbed and 
disturbed sites but a strong shift in B C, with higher values in disturbed sites. This could be related to the 
extreme valuesofsalinityinthedi stu rbed creeks. PI ants u nd er such condi ti ons w i 11 be u nd er physi ol ogi cal 
stresswhich will have great effects on values (Wei dial., 2008). These findings show that undisturbed and 
disturbed sites have different food webs and that the three species adopt different feeding strategies as a 
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response to availablefood. Hence; the results of B C and 15 N values, trophic composition and fish assemblage 
composition together providea better understanding of thenegativeimpacts of mangrovedeforestati on followed 
by construed on of sol ar salt ponds and/ or fi sh farms. 

Theresults revealed negative impacts of mangrovedeforestati on and land-usechangeon densities, species 
numbers, diversity and trophic organization of fish as supported by differences between disturbed and 
undisturbed sites. In the process of future development and expansionof economic activities within mangrove 
forests along thecoastlineof Tanzania, an increased demand for new and pristine mangrove areas is expected. 
Because of these foreseeable demand sand the negative outcome on fish communities, future development 
activities such as fish farming and saltworks should be restricted to already degraded areas, in order to 
preservethe remaining mangroveforest. 

Conclusion 

The findings revealed that a combination of mangrove deforestation and construction of solar salt farms and 
fish farms negatively affected fish assemblages and functional groups. Based on thenegativeimpact of mangrove 
deforestations and land-use changes, more impacts are expected with the current increase in demand of 
mangroveareas for other economic activities to meet exuberati ng demands associ ated with gl obal i ncrease i n 
human population. Howa/er, salt production and fish farming are important economic activities, which can 
helptoimprovethelivelihood of coastal people if coastal resource managers and plannerssetupzoningsto 
ensurethat these activities do notjeopardizetheecological and community roles of mangrove ecosystems at 
an alarming level. 
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